In the Commonwealth of the Northern Mariana Islands (CNMI), the spotcheek emperor, Lethrinus rubrioperculatus (Sato, 1978) , serves as an important component of a wide range of cultural gatherings such as weddings, fiestas, and funeral rosaries. Estimates of biological parameters pertinent to evaluation of stock status for the spotcheek emperor in the CNMI became a management goal emanating from expanding fishing effort by the largevessel (>18 m) bottom fishery during the midto late 1990s. This resulted in a research program conducted by the CNMI Division of Fish and Wildlife (DFW ) that collected data through a port-sampling program and research surveys from 1996 to 2002. In a ddition, the 1996 Magnuson-Stevens Fishery Management and Conservation Act (MSFMCA) required Fishery Councils to end overfishing and rebuild overfished stocks through a precautionary management approach (Restrepo and Powers 1999) . Subsequently, the 2006 r eauthorization of the MSFMCA stipulated that annual catch limits and accountability measures be derived for primary target species under all Fishery Council jurisdictions, and the spotcheek emperor in the CNMI falls into that category because it is a primary management unit species under the Mariana Islands Fishery Ecosystem Plan as authorized by the Western Pacific Regional Fishery Management Council ( WPRFMC). The goals of the CNMI DFW research program were to obtain data pertaining to life history characteristics of this species for stock assessment purposes.
Biological Characteristics of the Spotcheek Emperor, Lethrinus rubrioperculatus, in the Northern Mariana Islands

1
Michael S. Trianni 2 Abstract: As a result of commencement of an incipient commercial fishery in the southern islands (SI) of the Commonwealth of the Northern Mariana Islands (CNMI), biological characteristics for the spotcheek emperor, Lethrinus rubrioperculatus, were estimated from the CNMI SI, including seasonality of spawning, sex ratios, length at sexual maturity (LM), length at transition (LT) to male phase, age, and growth. LM and LT estimates corresponded to ages of 1 and 3 -4 yr, respectively, and are important in managing hermaphroditic species such as the spotcheek emperor by ensuring that fishery size selection does not significantly reduce effective stock reproduction. Age of the oldest fish was 8 yr, with South Southern Islands (SSI) fish mostly 0 -2 yr old and North Southern Islands ( NSI) fish 1 -4 yr old. Average size of 0-age fish was 22.2 cm fork length (LF) from the SSI and 18.7 cm LF from the NSI, indicating an initial high growth rate not captured by specimen collection. Growth curves for the NSI and SSI were significantly different at the 5% level. Age and growth parameters were estimated using age-and length-based methods, which resulted in similar values for instantaneous growth coefficient (k) and asymptotic length (L∞). Results support further study into life history characteristics of the spotcheek emperor, in particular maximum age and lengths at maturity and transition, in other locations in the CNMI SI as well as in other Indo-Pacific jurisdictions.
Although a dominant species landed in coral reef fisheries of the Indo-Pacific Region within the 50 to 80 m depth range (Carpenter and Allen 1989, Dalzell et al. 1996) , the spotcheek emperor has been the focus of few studies. Nzioka (1979) and Loubens (1980) reported biological data from Southern Hemisphere studies of Lethrinus variegatus, regarded by Ebisawa (1997) as misidentifications of L. rubrioperculatus; Ralston and Williams (1988) conducted age and growth analysis in American Samoa; Hanoomanjee and Soondron (1999) Biological characteristics of the spotcheek emperor are summarized in this article for L. rubrioperculatus in the southern islands of the CNMI.
materials and methods
Study Site
The primary fishing grounds for the spotcheek emperor in the CNMI comprise the islands and banks of the Mariana archipelago referred to as the "Southern Island Arc" (SI) from Rota Island (14° 09′ 13″ N, 145° 12′ 11″ E) to Sonome Reef (16° 20′ 60″ N, 145° 40′ 00″ E) north of Farallon de Medinilla (FDM), with fishing effort focused from Tatsumi Reef south of Tinian to Sonome Reef (Figure 1 ). Fishing grounds can be further broken down into two distinct subregions: the South S outhern Islands (SSI), from Tatsumi Reef north to Marpi Reef, and the North Southern Islands ( NSI), from FDM north to Sonome Reef. These subregions correspond to different fishing effort regimes, in which effort in the SSI has been primarily from small artisanal boats (<12 m) proximal to the large population centers of the CNMI, and the NSI fishing effort has been primarily from a t emporally variable large commercial vessel (>15 m) fleet. In addition, the two subregions differ with respect to spotcheek emperor fishing grounds. The SSI include islands with limited contiguous habitat as well as submerged banks, and the NSI are primarily submerged banks, including the largest bank in the Marianas, around the island of FDM. In this study the SSI included Tinian (Tatsumi Reef included), Saipan, and Marpi Reef. The NSI included FDM and Sonome Reef, with White Tuna and ESE Reef included with Sonome Reef. Commercially port-sampled data were all from the NSI, and research sampled data were from the NSI (FDM) and SSI.
Data Collection
Length frequency and biological data were collected during port sampling of CNMI NSI commercial landings from 1996 to 2001, and from DFW research surveys from 1998 to 2002. Commercial fishing vessels were sampled upon return from NSI fishing grounds, with fish randomly sampled as vessels offloaded their catch. Commercial fishing activity in the NSI was temporally variable due to oceanographic conditions as well as vessel maintenance, and only one vessel arrived at port at any one time. DFW research surveys were conducted diurnally using two fiberglass poles and 12-volt powered hosting Penn Senator reels (Electramate), with a lead-weighted monofilament line with four circle hooks b aited with cut squid as the terminal rig, accomplished by performing a series of uninterrupted drifts over a depth range from 50 to 100 m, including the primary fishing grounds and habitat of the spotcheek emperor.
Identical data-collection protocols were used for both DFW surveys and commercial sampled fish. Length frequency data were collected from sampled fish to the nearest mm fork length (L F), with subsamples weighed to the nearest 0.1 g. Beginning in 1998, 30 specimens were targeted each month for reproductive data collection. Gonads were excised for macroscopic sex identification and weighed to the nearest 0.01 g using an electronic scale. Gonado-Somatic Index values were c alculated as the percentage weight of gonad (g) over fish weight (g). Specimens were assigned to either an immature or a sexually active class based upon external examination (Table 1) . Sagittal otoliths were collected from a subsample of the specimens processed for reproductive data, beginning in August 2000. Following water cleansing and drying, otoliths were weighed to the nearest 0.0001 g (0.1 mg) using an electronic balance, to evaluate the relationship between otolith weight and fish LF for potential future use as a proxy for age. Sagittal otoliths were processed to produce transverse sections for determining the age of individual fish following the method described in Choat and Axe (1996) . The median value of three blind reads for each specimen was used for age assignment. Otolith ages were assigned based upon the number of opaque rings or "annual increments" emanating from the core to the outer otolith edge. Due to their protracted spawning seasons, many tropical fish do not possess a fixed "birth date" per se as temperate species do. As a result, the first annual increments may be laid down when a fish is only a few months old. Therefore, the first annual increment was not counted if located too close to the otolith core, resulting in some 0-age fish being older than 1 yr. Otoliths identified as 0 age or otoliths for which one read resulted in a 0-age assignment were evaluated by counting daily rings following methods outlined in Secor et al. (1991) . Otolith processing and reading was conducted by the Fish Ageing Laboratory at James Cook University, Townsville, Australia.
Reproduction
Sex ratios were determined for Tinian, Saipan, and Marpi Reef in the SSI, and FDM and Sonome Reef in the NSI. Sex ratios for the NSI and SSI were examined using Pearson's χ 2 goodness-of-fit test with Yate's continuity correction factor. Following assignment to either an immature or a sexually active maturity class, fish were assigned to a 1 cm LF class for length at maturity (LM) analysis. The number of identified females and males was used to estimate the length at transition (LT). The logistic model was used to correlate percentage mature and percentage transitioned, to length class:
where P = percentage mature or transitioned in size class, a and b are model parameters, and L50 = −a/b. The model was weighted by the square root of the numbers of fish in each length class, and the regression parameters were estimated using maximum likelihood with a binomial logistic link function. Separate estimates of LM and LT were generated for the SSI and NSI. Bias corrected percentile confidence intervals were produced around the estimates of LM and LT from 1,000 bootstrap re-samples drawn with replacement for each estimate of LM and LT. Data analyses were conducted using S-PLUS version 6.2 (Insightful Corp. 2003) .
Age and Growth
The von Bertalanffy growth function (von Bertalanffy 1938) was fit to size at age data for all samples, separate male and female samples, and separately for SSI and NSI samples, using the simplex solver in Excel. The von Bertalanffy ( VB) growth function is defined as:
where Lt = length at time t, L∞ = asymptotic length, k = instantaneous growth coefficient, and t0 = theoretical time at which length is equal to 0.
× results Reproduction
The sex ratios from commercial and research survey data are presented in Table 2 . FDM was the only location where both CNMI commercial and DFW research data were collected, and the sex ratios differed, with commercially caught fish exhibiting a male bias and research-caught fish a female bias similar to the Marpi Reef sex ratio. Overall, there were clear differences in the sex ratios from the NSI and SSI, most notably between the NSI and Saipan and Tinian. A Pearson χ 2 test found that the overall sex ratios from the NSI and SSI were significantly different from expected (χ 2 = 26.38, df = 1, P > .0001). A Pearson χ 2 test for commercial and DFW survey-generated sex ratios from FDM was not significant (χ 2 = 0.98, df = 1, P = .322). A difference was observed between sex ratios of Marpi Reef and those of Saipan and Tinian, with Marpi Reef exhibiting a sex ratio similar to that in the NSI.
Histograms of the frequency of occurrence by sex of the spotcheek emperor from the NSI and SSI are shown in Figure 2 . The female and male size distributions overlap, with males generally larger than females. The length characteristics for males and females from NSI (Sonome Reef and FDM) and SSI (Saipan/Tinian and Marpi Reef ) showed that the smallest female and smallest male were documented from Saipan/Tinian, at 14.7 cm LF and 19.3 cm LF, respectively; the largest male was recorded from Sonome Reef, at 45.6 cm LF; the largest female, at 37.7 cm LF, from Saipan/Tinian; and the smallest mature female, at 18.4 cm LF, from Sonome Reef.
Spawning data were aggregated monthly over the period from February 1998 through November 2001 (Figure 3 ). The availability of monthly samples varied according to commercial fishing effort or weather conditions. The spawning period for females began in January and extended to September with peak activity from January to March. The peak spawning period for males was less defined, appearing to extend from December to August with reduced spawning activity in January. The CNMI SI spotcheek emperor LM and LT with bias-corrected bootstrap estimated percentile confidence intervals were c alculated for the NSI and SSI (Table 2 ). The LM from the NSI (21.9 cm LF) was lower than that for the SSI (23.2 cm LF). The LT for the spotcheek emperor was 29.0 cm LF for the SSI and 29.2 cm LF for the NSI (Table 3 ). Alsop and West (2003) utilized a dimensionless theory approach (Charnov and Skuladottir 2000) to determine the size and/or age that a hermaphroditic fish could be expected to change sex. It was found that fishes change sex when they are about 80% of their maximum body size. Given that the LT for the spotcheek emperor was found to be about 29.1 cm LF, using the model of Alsop and West (2003) would yield a maximum length of about 36.3 cm LF. When viewed in context as an estimate of L∞ for CNMI spotcheek e mperors, this value is about 5 cm above the lowest L∞ calculated from age-based methods and about 2 cm above the length-based result (Table 4 ). The utility of the Alsop and West (2003) model should be further explored as a useful method to additionally estimate L∞ in life history studies of hermaphroditic fish species.
Plots of the relative positions of LM and LT on length-frequency histograms for the NSI and SSI indicated that the majority of the NSI landings were well above the two reproductive milestones, but for the SSI the position of LT on the SSI histogram was less conclusive, especially given the small SSI sample size (Figure 4 ).
Age and Growth
A transverse-sectioned otolith depicting annual increments is shown in Figure 5 . The maximum age estimated for spotcheek emperor in this study was for a year-8 fish from NSI, but five year-7 fish were recorded, one from the SSI and four from the NSI. Otolith readings indicated that the growth rate of the spotcheek emperor is very high initially be- cause year-0 individuals averaged 21.0 cm LF, with growth subsequently decreasing because year-7 individuals varied in size from 28 to 34 cm LF ( Figure 6 ). A total of 30 spotcheek emperors was classified as year 0 from annual increment age estimation. In addition, five specimens were recorded as year 0 during one of the three blind annual increment age estimation otolith reads. Of the 30 0-age otoliths, 15 were less than 365 days old, and the other 15 ranged from 1.03 to 1.30 yr old as determined from the counting of daily rings. Three otoliths read as year 1 from annual increment age estimation were less than 365 days old. The average length of year-0 spotcheek emperor from the SSI was 22.2 cm LF, compared with 18.7 cm LF from the NSI. All year-0 fish were female, with year-0 FDM fish smallest in size ( Figure 7 ). Linear and second-order polynomial models fit to weight on age resulted in positive correlations (linear r 2 = 0.75; polynomial r 2 = 0.77), indicating that otolith weight has potential as a useful proxy to determine age of spotcheek emperor in the Southern Islands of the CNMI (Figure 8) . A frequency plot of sex on otolith weight showed that low otolith weights were mostly of females, and heavier otolith weights were associated with males ( Figure 9 ).
Estimates of k and L∞ from age-and lengthbased fitted VB growth curves are listed in Table 4 . Age-based estimates from the CNMI for females and males were similar, although estimates from the NSI and SSI differed markedly with respect to k. Estimates of k from the NSI were nearly three times the v alue of k estimated from the SSI. The analysis of residual sum of squares method (ARSS) for the age-based growth curves from the NSI and SSI was significant at the 5% level (P = .018), but no significance was found between female and male growth curves. Coupled quarterly data used in the length-based estimate of k and L∞ generated by ELEFAN are shown in Figure 10 . Length-based estimates resulted in a slightly lower k value than the "Combined" age-based estimate and slightly larger L∞ estimate (Table 4 ). The correlation of weight on length for spotcheek emperor resulted in a good fit
, r 2 = 0.968, n = 1,834). Length-weight relationships determined for five sites (Sonome, FDM, Marpi, Saipan, and Tinian) all resulted in strong correlations (Table 5) . Length-weight slopes for Saipan, FDM, and Sonome Reef were found to be significantly smaller than 3, indicating a negative allometric condition, but slopes from the other two sites were not found to be significantly different from 3 (Table 5 ). 
discussion
The sex ratios obtained from this study appear to indicate that male spotcheek emperors are depleted in the SSI, especially around Saipan and Tinian. Although sex ratios were divergent in fished areas in the Ryukyu Islands, in particular Okinawa, the results from Saipan and Tinian compared with other locations were distinctive, considering that CNMI DFW research survey data-collection methodology was standardized. Most of the literature pertaining to fishing-induced sex ratio changes indicates that reproductive characteristics, such as grouper spawning aggregations, might make certain sexes more vulner- able to fishing gear (McGovern et al. 1998, Beets and Friedlander 1999) . DeVries (2007), however, found that hook and line fishing may not necessarily result in size or sex selectivity in protogynous species. The spotcheek emperor is a shoaling species, and perhaps a pair spawner (Ebisawa 1997) , characteristics that would imply a low fishing selectivity. The lack of a significant difference in sex ratios b etween commercial and research survey data from FDM suggests that differences observed between the SSI and NSI were not due to differences in selectivity as a result of commercial versus research fishing methods. Future evaluation of sex ratios for the spotcheek emperor in the CNMI should include the use of various hook sizes at all locations identified in this study.
The results for LM obtained in this study fell within the range reported by Ebisawa (1997) , who used histological evaluation to estimate that LM began at about 20 cm LF and was complete by 26 cm LF for spotcheek e mperor in the Ryukyu Islands. Although Ebisawa (1997) did not estimate LT, it was noted that only 0.01% of the fish evaluated from the Ryukyu Islands exhibited sexually transitional gonads. Ebisawa and Ozawa (2009) estimated the age at which sex ratio reached 50%, as indicative of age at t ransition, to be about 4 yr in Okinawa and reported 5 -6 yr for the same metric from New Caledonia after Loubens (1980) . The LT estimates from the study reported here correspond to about 3 -4 yr of age. The estimation of LM and LT will prove useful as a landmark for future spotcheek life history studies involving histological work, as well as for the evaluation of fishing pressure on spatially distinct populations, particularly with respect to LT because histological evaluation of that life history milestone is recognized as being critical in the management of hermaphroditic species (Alonzo and Mangel 2004) . Ebisawa (1997) concluded that the spotcheek emperor exhibited a postmaturational protogynous hermaphroditic sexual transition mode, because the smallest male sampled was larger than L M from both O kinawa and Yaeyama samples. The CNMI spotcheek emperor population samples followed a similar pattern, and validation should be confirmed via histological examination.
The spawning seasons in the CNMI and Ryukyu Islands of Japan overlapped, with the peak period in the CNMI during winter/ spring, in contrast to the summer in the Ryukyu Islands (Ebisawa 1997) . A correlation , 1997; B, 1998; C, 1999; D, 2000; E, 2001 (e.g., "1.98" = first quarter, 1998). of increasing water temperature and spawning activity was observed by Ebisawa (1997) in the Ryukyu Islands, where annual water temperature ranges about 11°C annually. Water temperature was not recorded in the study reported here, although the annual range in the CNMI is about 2.5°C and is probably not an influential factor in spawning activity. The winter/spring peak spawning season in the CNMI SI corresponds with the "trade winds" season, which may serve to enhance larval transport and nutrient enrichment provided by localized currents and upwelling. Sustained swimming abilities of late pelagic stage coral reef fishes, including species of the family Lethrinidae, have been shown to be sufficient to modify dispersal (Leis and Carson-Ewart 1997, Stobuzki and Bellwood 1997) and even substantially influence dispersal patterns relative to oceanic processes such as average ocean currents, facilitating active self-recruitment (Fisher 2005) . How oceanic processes and l arval swimming abilities influence selfrecruitment and dispersal patterns for spotcheek emperor will be useful in under standing stock structure for this species in the CNMI. The VB parameters calculated from agebased approaches for k and L ∞ indicated faster growth of the species in the CNMI compared with results from other jurisdictions (Table  4 ). These differences were most relevant to the younger age classes in the CNMI. The length-age data from the CNMI contrasted markedly with length-age data for the spotcheek emperor derived by Ralston and Williams (1988) , who used a numerical integration technique to estimate daily growth rings. The length-age plot from the CNMI indicated rapid growth within the first year. The average size of year-1 age fish was 24.5 cm LF from the CNMI and about 10.5 cm LF from American Samoa (Ralston and Williams 1988) . Loubens (1980) estimated growth by direct interpretation of annual markings and reported an average length of 13.8 cm LF for a year-1 fish from New Caledonia, and year-1 fish from the Ryukyus were about 19 cm LF (Ebisawa and Ozawa 2009 ). The significant difference in growth curves between the SSI and NSI requires further elucidation, because this result could be an artifact of sampling, differing ecosystem characteristics, or disparate stocks.
Comparatively, the oldest fish from the CNMI was a 33.1 cm LF year-8 male, the o ldest fish reported by Loubens (1980) was a year-15 male, by Ebisawa and Ozawa (2009) a year-13 female, and from the Great Barrier Reef a sex-unidentified year-11 fish (D. C. Lou, pers. comm.) . Comparing maximum ages for a species from differing jurisdictions poses a number of challenges. Considerable variation among jurisdictions would be expected to occur with regard to commercial fishing effort and fishing power, as well as research survey harvest methods including fishing line strength, hook size, hook type, and retrieval system, all of which would play an important role in size selection. This is apparent from the age-length data for spotcheek emperor presented by Ebisawa and Ozawa (2009) , where fish younger than year 1 were not observed in commercial catches, and, conversely, where larger and older fish were documented in contrast to the research survey and commercial samples from the study reported here. In addition, latitudinal and mean annual water temperature differences may also play a factor. The Ryukyu Islands are subtropical at about 26° N, with a water temperature range of 19 -30°C; New Caledonia about 22° S, with a water temperature range of 20 -23°C; the Great Barrier Reef year-11 fish was from about 20° S (D. C. Lou, pers. comm.) , and the water temperature range of the Great Barrier Reef is 22 -28°C. The latitudinal range of age-determined fish in this study was from about 15° to 16° 20′ N, with a water temperature range approximately from 27.5° to 30°C. For western Pacific samples of Ctenochaetus striatus, Choat and Robertson (2002) found a positive relationship between maximum age estimates and latitude, and a negative relationship between age and mean annual water temperature. Similar relationships may or may not pertain to other coral reef fish families or coral reef fish species such as the spotcheek emperor, that typically occupy the deeper habitats of the coral reef ecosystem.
Larger specimens were noticeably absent in both the SSI and NSI histograms, although 40+ cm LF individuals were observed ( Figure  4) . The CNMI length-based estimate of L∞ is similar to age-based estimates for the spotcheek emperor from the CNMI and o ther jurisdictions (Table 4 ). The age-based estimates of k from the CNMI, in particular the NSI, are much higher than those estimated in other jurisdictions, most likely due to a bias toward younger fish as an artifact of sample size or, as noted by Choat and Robertson (2002) for western Pacific C. striatus, lower latitudinal stocks may exhibit smaller values for L ∞ and consequently larger values of k.
Although the application of length-based methods to nonephemeral species has been viewed as ineffectual (Hilborn and Walters 1992) , the values of L∞ and k generated from age-and length-based methods for the CNMI data sets yielded relatively similar results (Table 4). Larger and perhaps more evenly distributed yearly length-frequency sampling may provide improved estimates of lengthbased age and growth parameters for the spotcheek emperor in the CNMI SI, although obtaining consistent levels of sampling in a spatially and temporally variant coral reef fishery such as the CNMI spotcheek emperor fishery will always prove challenging.
Many reef fish species exhibit a "square" growth curve, where numerous age classes accumulate within a few size classes Axe 1996, Choat and Robertson 2002) . High growth rates during the first years are followed by a leveling off of length in the growth curve as age progresses. Recent studies of subpopulations of Lethrinus miniatus in the Great Barrier Reef exhibit a square growth pattern ( Williams et al. 2007) , and most of the growth curves displayed for Lethrinus spp. from the Ryukyu Islands also exhibit a square growth pattern (Ebisawa and Ozawa 2009). Craig (1999) pointed out the difficulty and uncertainty in fitting the VB equation to species that exhibit the two distinct patterns of growth that characterize "square" growth curves. U sing Acanthurus lineatus as an example, Craig (1999) fitted the VB equation to two distinct growth phases, 0 -2 and 3 -18 yr, and achieved differing results from both fits, primarily in the estimation of k. According to results in the study reported here, nearly 70% of spotcheek emperor growth can be achieved in the first year, and the VB results are based on the fraction of fish available to the fishery, which includes "older" age-0 fish. The use of otolith weight as a surrogate for otolith readings has received increasing attention over the past several years, with good correlations observed (Pilling et al. 2003 , Lou et al. 2005 . Otolith weight-length relationships in the study reported here reflect age-length findings that also indicate an early high growth rate for this species (Figure 8 ). There exists a need to obtain otolith samples from smaller spotcheek emperors to accurately model growth during the first year. Determination of age of year-0 fish provided a more accurate approximation of spotcheek emperor growth, verifying that this species, at least in the SI of the CNMI, experiences rapid growth in its first year. This observed high growth rate implies resilience to fishing pressure, because most fish landed from the NSI fishery were observed to be above the estimated L M, thereby ensuring a high degree of individual reproductive success. In addition, future sampling of otoliths from fish in more lightly exploited areas will provide better estimates of maximum age, k, and L∞.
conclusions The commercial harvest history of the spotcheek emperor in the CNMI may very well extend to the Japanese period (1914 -1944) . Smith (1947) reported 1941 landings for reef fish resources near the end of the Japanese period, although the majority of data from that period was a limited time series of pelagic landings (Amesbury and HunterAnderson 2003) . The extent of the harvest of species such as the spotcheek emperor during the Japanese period is unknown, although without the use of electric or hydraulic retrieval systems and accurate echo-sounding equipment fishing power was lower and therefore historic landings were also probably lower. The fishing activity reported during the Trust Territory of the Pacific Islands (TTPI) period (1948 -1977) recently compiled by Amesbury and Hunter-Anderson (2003) indicated nonpelagic fishery harvests, although further resolution of landings was not possible.
Amendment 10 to the Fishery Management Plan (FMP) for Bottomfish and Seamount Groundfish of the Western Pacific Region (73 FR 75615) specifically prohibits commercial fishing by vessels equal to or greater than 12.2 m (40 feet) within 92.6 km (50 nautical miles) of any island in the CNMI from Rota Island north, including FDM. Commercial vessels that fished the NSI from 1996 to 2008 will be restricted. The 50 -100 m depth zone around FDM composes about 90% of that depth zone in the SI (excluding Rota). FDM is leased by the U.S. military as a training site. There exists a continual 5.56 km (3-mile) exclusion zone that is extended to 18.52 km (10 nautical miles) during military exercises. The 92.6 km distance from FDM to Saipan provides a spatial access barrier for smaller vessels and for all vessels during rough sea conditions. Hold capacity on smaller vessels is also limited. Assuming a homogenous SI stock, without any large-vessel commercial fishing activity on the "Grand Bank of the Marianas" surrounding the island of FDM, it is unlikely that the spotcheek emperor in the CNMI SI will be considerably impacted by fishing mortality in the near future.
Given the importance of this resource from a cultural and commercial perspective, and that federal annual catch limits and accountability measures requirements will most likely necessitate future stock assessments on this resource, there remains work to be accomplished regarding the variability of life history parameters between locations and appropriate measures for stock delineation. The results of this study illustrate the need to continue to collect and refine data pertinent to this and other target species in the Mariana archipelago.
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